ABSTRACT High-energy radiation from T Tauri stars (TTS) influences the amount and longevity of gas in disks, thereby playing a crucial role in the creation of gas giant planets. Here we probe the high-energy ionizing radiation from TTS using high-resolution mid-infrared (MIR) Spitzer IRS Neon forbidden line detections in a sample of disks from IC 348, NGC 2068, and Chamaeleon. 
INTRODUCTION
We can develop timescales for the evolution of planetary systems and refine theories of planet formation by studying the gas in the inner, planet-forming regions of disks around young TTS. On the one hand, significant gas must be present for gas giant planets to form. On the other, the lifetime of the gas in the inner disk places an upper limit on the timescale for giant planet formation. Short dissipation timescales (∼1000 yr) favor the formation of planets via gravitational instability (e.g., Boss 1997) while longer dissipation timescales allow for core accretion, which takes a few Myr (e.g., Lissauer & Stevenson 2007) . The amount and longevity of gas in the disk is linked to the rate at which gas is eroded by photoevaporative winds created by high energy radiation fields from the central star (Hollenbach et al. 1994; Clarke et al. 2001; Alexander & Armitage 2009 ).
Initial models of photoevaporation by EUV (13.6 eV < hν < 100 eV) emission predicted low mass loss rates of ∼ 10 −10 M ⊙ yr −1 (e.g., Hollenbach et al. 1994; Clarke et al. 2001; Alexander et al. 2006 ). Recent models of photoevaporation which include X-ray (0.1-2 keV) and far-ultraviolet (FUV; 6 eV < hν < 13.6 eV) emission achieve mass loss rates up to 10 −8 M ⊙ yr −1 (Ercolano et al. 2009; Owen et al. 2011) . Observations of objects with rates much lower than this limit and still surrounded by substantial disks challenge these recent photoevaporation models (Ingleby et al. 2011 ). These observations are in better agreement with the low mass loss rates predicted by the EUV photoevaporation models. However, the main weakness of photoevaporation models is the uncertainty in the ionizing flux, given that no robust measurement of EUV emission from TTS currently exists.
In TTS, most EUV emission is produced in the stellar corona and the transition region between the corona and chromosphere in active stars (Brown 2010) . Accreting TTS may have additional contribution to the EUV emission from the accretion shock which, in the near-UV (NUV), is significantly in excess of the UV emission from an active chromosphere for typical TTS . Our knowledge of the strength of EUV emission from TTS is limited due to absorption of EUV photons by neutral hydrogen along the line of light. In accreting TTS, EUV emission may be absorbed in the accretion flows, which have high column densities (n H ) up to 10 22 cm −3 ; even for non-accreting TTS, the interstellar hydrogen column density dampens the transmission of EUV photons. For example, the column density of neutral hydrogen toward TW Hya, the closest accreting TTS, is ∼5×10 20 cm −3 (Kalberla et al. 2005; Dickey & Lockman 1990) . According to Drake (1999) , with these column densities, less than 10% of the EUV flux at 100Å will be transmitted through the interstellar medium, making it difficult to ascertain the EUV spectrum.
A mission devoted to EUV observations, the Extreme Ultraviolet Explorer (EUVE) All Sky Survey was unsuccessful in detecting TTS. However, it did obtain spectra of many active stars, including RS CVn stars (Sanz-Forcada et al. 2002) and dwarf stars which undergo strong flares (Brown 2010) . The EUV spectra of these active stars are sometimes used when approximating the radiation field incident on circumstellar disks ). Whether or not this is an appropriate proxy for a TTS's EUV radiation field is unclear.
As a result, secondary methods for estimating the strength of the EUV radiation field have been sought. Alexander et al. (2005) used FUV He II λ1640Å line fluxes to probe the strength of ionizing emission at <228Å. However, Ardila et al. (submitted) argue that other mechanisms besides radiative recombination may play a role in the excitation of the line. For example, (Brown et al. 1981) find that collisional excitation plus photon trapping were the dominant agents in He II λ1640 A formation in the case of T Tau. Another alternative is to use observations of solar type stars at different ages to infer the evolution of high energy radiation fields. Ribas et al. (2005) analyzed high energy emission from the X-ray to the FUV of nearby young stars between 0.1 and 7 Gyr, from which they developed power law fits to the decay in high energy radiation fields. Due to the proximity of the targets, they were able to use EUV spectra obtained with EUVE, but even then, most of the detected flux was in emission lines. The strength of the emission lines (mainly highly ionized Fe lines) was observed to decrease with age. It is unclear whether the Ribas et al. (2005) power laws for EUV radiation may be extended down to the ages of T Tauri stars (1-10 Myr). Given that X-ray and FUV emission likely saturate at ages <10-30 Myr (Preibisch et al. 2005; Ingleby et al. 2012) , EUV emission may saturate as well.
An alternative high-energy radiation diagnostic line emerged with the detection of mid-infrared (MIR) finestructure forbidden emission lines of Ne II with the Infrared Spectrograph (IRS; Houck et al. 2004 ) on the Spitzer Space Telescope (Werner et al. 2004) in over 50 TTS (Pascucci et al. 2007; Espaillat et al. 2007; Lahuis et al. 2007; Flaccomio et al. 2009; Güdel et al. 2010; Baldovin-Saavedra et al. 2011; Szulagyi 2012) . Due to the high first ionization potential of Ne (21.56 eV), [Ne II] is capable of constraining high energy stellar radiation. Two mechanisms have been proposed to be responsible for [Ne II] lines in disks around TTS; while some researchers have posited that MIR Ne finestructure lines can be attributed solely to X-ray ionization and heating (Glassgold et al. 2007, GNI07) , recent work by Hollenbach & Gorti (2009, HG09) has shown that EUV photons can play an important role in creating [Ne II] lines.
In the GNI07 thermal-chemical model, the gas in the upper atmosphere of the protoplanetary disk is heated and ionized by stellar X-rays. GNI07 and Meijerink et al. (2008) have shown that X-rays can heat the gas in the disk to temperatures up to ∼4000-5000 K at an altitude where N H ∼10 21 cm −2 out to about 25 AU from the star. These authors find that the degree of ionization in these regions is less than a few percent. These two works consider only X-rays for ionizing the neutral and low-ionization forms of the Ne atom since FUV photons have insufficient energy to ionize Ne and EUV is absorbed over short distances. More recently, HG09 argue that EUV heating should not be discounted given that it can penetrate disk winds when the mass accretion rate onto the star is less than 10 −8 M ⊙ yr −1 , the average accretion rate in TTS (Hartmann et al. 1998) . HG09 have shown that EUV photons can potentially play an important role in creating [Ne II] lines as well. These lines can originate in the EUV surface layer of the disk which is completely ionized and reaches temperatures as high as 10,000 K (Hollenbach et al. 1994, e.g.,) .
Since the first detections of MIR Ne fine-structure lines, researchers have attempted to link observed [Ne II] line luminosities to high-energy stellar radiation. Pascucci et al. (2007) found a correlation between the [Ne II] luminosity and the X-ray luminosity, supporting X-rays as the dominant [Ne II] production mechanism. However, Espaillat et al. (2007) did not find such a trend between [Ne II] luminosities and X-ray luminosities. Instead, they found a correlation between the [Ne II] luminosity and the accretion rate. Espaillat et al. (2007) proposed that this was evidence that EUV radiation was important in creating [Ne II] lines given that the accretion shock on the stellar surface is expected to create EUV emission, as mentioned earlier. Moreover, Calvet et al. (2004) found that FUV fluxes scale with L acc and a similar scaling is expected for EUV emission. Later work by Güdel et al. (2010) with a much larger sample, found correlations between the [Ne II] luminosity and both the X-ray luminosity and accretion rate. However, these correlations have large scatter, possibly due to different disk structures (Schisano et al. 2010) (Lahuis et al. 2007; Flaccomio et al. 2009; Najita et al. 2010) , the potential of this line to trace high energy radiation has not been significantly utilized. Recently, Szulagyi (2012) made an extensive search for [Ne III] in 56 disks around TTS and found no detections. This highlights the rarity of this line and the importance of using new [Ne III] line detections to constrain the radiation field irradiating the circumstellar disk. In Section 2, we detail our sample selection and review the data presented in this work. In Section 3, we present three new [Ne III] emission line detections in our sample (Section 3.1) and search for correlations between X-ray radiation and [Ne III] emission lines (Section 3.2). We discuss the implications of our results on the connection between high-energy TTS radiation and the disk in further detail in Section 4.
OBSERVATIONS & DATA REDUCTION

Sample Selection
Our sample consists of 19 objects in NGC 2068, IC 348, and Chamaeleon (Table 1) . Chamaeleon is a ∼2 Myr old region with relatively isolated star-formation and low extinction (Luhman et al. 2008) . NGC 2068 and IC 348 are ∼2 Myr old (Flaherty & Muzerolle 2008) and ∼3 Myr old (Luhman et al. 2003) , respectively, and are more clustered star-forming regions with higher extinction. The main goal of our project was to detect the [Ne II] line using high-resolution Spitzer IRS spectra. Therefore, we selected disks where it would be easier to detect line emission, namely those that exhibited low continuum emission such as transitional disks (TD), pre-transitional disks (PTD), and full disks with low continuum emission (Espaillat et al. 2012) .
We identified the disks for this sample using the criteria above and existing low-resolution IRS spectra. This sample contains 6 FD, 6 TD, and 7 PTD ( Table 2 ), all of which have known disk properties determined by SED fitting using the D'Alessio et al. (2006) irradiated, accretion disk model. The low-resolution IRS spectra for our NGC 2068 and IC 348 objects were presented in Espaillat et al. (2012) along with detailed SED modeling. For our Chamaeleon targets, low-resolution IRS spectra were presented in Kim et al. (2009) and Manoj et al. (2011) . In Espaillat et al. (2011) , we presented detailed modeling of the SEDs of CS Cha, SZ Cha, T 35. Modeling of T 54 was presented in Kim et al. (2009) . Stellar parameters for our targets and references for these quantities are listed in Table 2 .
Data Reduction
Here we present high-resolution Spitzer spectra for our 19 targets as well as X-ray data for most of our sources in IC 348 and NGC 2068.
Infrared Data
Spitzer IRS spectra for all of our targets except CS Cha were taken in General Observing (GO) Program 40247 (PI: Calvet; Table 3 ). We also included archival IRS observations of CS Cha from Program 30300 (PI: Najita; Table 3 ). All of the observations were performed in staring mode using the short-high-resolution module (SH) of IRS, spanning wavelengths from 10-19 µm, with a resolution λ/δλ ∼600.
Details on the observational techniques and general data reduction steps, including bad pixel identification, sky subtraction, and flux calibration, can be found in Furlan et al. (2006) and Watson et al. (2009) . Here we provide a summary. Each object was observed twice along the slit, at a third of the slit length from the top and bottom edges of the slit. Instead of using the basic calibrated data (bcd) products from the Spitzer Science Center pipeline, we used the droop products, pipeline version S18.18. As opposed to the bcd products, the droop products lack corrections for inter-order light leakage (which is a very small effect) and are not divided by the flatfield. We found that especially the latter step introduced more noise to our data, so the droop products yielded spectra with better signal-to-noise ratios.
We reduced the data with the SMART package (Higdon et al. 2004 ) and used the ISO Spectral Analysis Package (ISAP) within SMART to measure line fluxes, uncertainties, and upper limits. Bad and rogue pixels were corrected by interpolating from neighboring pixels. For each of the targets, we obtained several observations at each nod position to increase the time spent on the target. We also acquired an off-source background observation for each target. We extracted each backgroundsubtracted spectrum individually, then calculated their average and standard deviation. After background subtraction, a full slit extraction was performed. To flux calibrate the observations we used spectra of ξ Dra (K2III). We performed a nod-by-nod division of the target spectra and ξ Dra spectra and then multiplied the result by a template spectrum (Cohen et al. 2003) . The final spectrum was produced by averaging the calibrated spectra from the two nods, and uncertainties were derived from the standard deviation of the mean flux at each wavelength. Our spectrophotometric accuracy is typically 2-5%. We note that we manually masked artifacts in the extracted, calibrated spectra that were not captured by the bad pixel and rogue masks. We also applied extinction corrections to the IRS data using the A V for each object listed in Table 2 .
The average signal-to-noise ratio (SNR) in the continuum for our spectra is 30, with a range of 15-70. We note that FM 281 has SNR∼5 and so we exclude these data from our analysis. We overlaid the IRS slit positions for each AOR on K-band images from the Two Micron All Sky Survey (2MASS; Skrutskie et al. 2006) to check for anomalous behavior. In the observation of LRLL 21 in IC 348, another object was located in one of the nods. However, our SH spectrum (with a slit width of 4.7 ′′ ) agrees with an earlier GTO SL spectrum (slit width = 3.6 ′′ ; AOR ID: 16269056) which does not include this object. We conclude that this other object that entered the slit does not emit significantly in the mid-infrared and so object LRLL 21 dominates the SH spectrum presented here.
X-ray Data
Of the 19 targets in our sample, X-ray properties for 18 of them were either extracted in this work from Chandra observations or compiled from the literature. X-ray luminosities for the Chamaeleon targets were taken from the literature (Table 2 ). X-ray properties for objects in IC 348 and NGC 2068 come from this work. Chandra observations were obtained as part of a joint ChandraSpitzer GO program (Proposal 09200909, PI: Calvet) for IC 348 (Observation ID (Obs ID) 8584) and NGC 2068 (Obs ID 8585 and 10763). We note that our Spitzer and Chandra data were not taken simultaneously.
The above observations were performed with the Chandra Advanced CCD Imaging Spectrometer (ACIS) in FAINT mode using the Imaging Array (ACIS-I) and Spectroscopic Array (ACIS-S). Dates and exposure times can be found in Table 4 . The evt2 files analyzed here were obtained through the Chandra processing pipeline (version: 7.6.11.4). Events and spectra for targets in our sample were extracted using the ACIS Extract (AE) software package (version 2010-02-26) 9 and the ae better backgrounds algorithm. (Broos et al. 2010 ).
We measured X-ray fluxes for our NGC 2068 and IC 348 targets by extracting X-ray spectra using the HEASARC X-ray fitting package XSPEC version 12.6 (Arnaud 1996) and AE fitting scripts. Source counts over the energy range 0.5-8 keV are listed in Table 5 . Most of the sources have more than 100 counts, the exceptions being LRLL 72, LRLL 133, and FM 281. LRLL 2 and LRLL 6 have over 1,000 counts.
We fit all of the spectra with single-and twotemperature vapec thermal collisional ionization equilibrium plasma models (Smith et al. 2001 ) along with an absorbing column of interstellar material (i.e. tbabs absorption model; Wilms et al. 2000) . Automated fitting performed by AE adopted elemental abundances frozen at the values used by the XEST study for typical premain sequence stars (Güdel et al. 2007) . We left the temperature(s) and the absorbing hydrogen column density, N H , as free parameters. In most cases, the χ 2 between the one-and two-temperature fits were similar. In Table 5 we list the parameters from the best fitting onetemperature model. However, for LRLL 67, FM 177, and FM 618, the χ 2 of the two-temperature model was 2-3 times better than that of the one-temperature model. For these three objects we list the parameters of the best fit two-temperature model in Table 5 . The luminosities were derived from spectral modeling assuming a distance of 315 pc for IC 348 (Luhman et al. 2008 ) and 400 pc for NGC 2068 (Flaherty & Muzerolle 2008) .
We note that FM 515 was not within the FOV of the observations and was not located in the Chandra or XMM-Newton data archive. Therefore, we do not provide an X-ray flux for FM 515 here. LRLL 133 was located within the FOV of our IC 348 observation, but was not detected while LRLL 21 was not within the FOV. However, LRLL 133 and LRLL 21 were detected in ObsID 606 (53 ks; 2000-09-21; PI: Preibisch) and these data were used to extract the X-ray fluxes for these two objects in Table 5 . LRLL 68 was within the FOV of our observations, but was not detected and was not observed by another program. We estimate an upper limit for the luminosity of this source by calculating the onaxis limiting sensitivity of ObsID: 8584 with the Portable Interative Multi-Mission Simulator (PIMMS)
10 . We assume an on-axis detection of 3 counts over the energy range 0.5-8 keV in our 50.14 ks exposure and a thermal plasma of 2 keV. We adopt an absorbing column of 1.6×10 22 cm −2 , calculated with the N H and A J relation of Vuong et al. (2003) , along with an A J of 0.83 from Luhman et al. (2003) We detected [Ne II] line emission from nine objects in our sample (Figure 1 ). Line fluxes, errors, and SNR are listed in Table 6 along with 3σ upper limits for sources with non-detections. [Ne III] lines are also present in three objects in our sample: CS Cha, SZ Cha, and T 54 (Figure 2 ; Table 6 ). [S III] is also detected in SZ Cha with a line flux of 2.63±0.3×10 −14 erg cm −2 s −1 and SNR∼12 (Figure 2) . We note that the 13 6 8 to 12 3 9 transition of H 2 O is located at ∼15.57 µm. However, neither SZ Cha, CS Cha, nor T 54 have evidence for any other water lines in their spectra. It is highly unlikely that only one of the numerous H 2 O line transitions would be present (see Figure 4 of Pontoppidan et al. 2010) .
In ). Here we reported three new detections in SZ Cha, T 54, and CS Cha. We limit ourselves to objects with disks in this work and exclude the Class III object WL 5
11 . To the best of our knowledge, there are no studies which search for jets in NGC 2068 and IC 348. SZ 102 and CS Cha are known to have jets (Lahuis et al. 2007; Takami et al. 2003; Güdel et al. 2010) .
Since MIR Ne fine-structure lines have been proposed to be due to X-rays (GNI07, HG09), we first tested if sources with [Ne III] have a higher X-ray luminosity than sources that have [Ne II] (2010) is a composite of two objects. In the short-low-resolution module of IRS (SL; 5-14 µm), WL 5A was the only object in the slit while in the long-low-resolution module of IRS (LL;14-38 µm) its companion (8.5 ′′ away) entered the slit. WL 5A is a photosphere based on the SED slope in the SL data. The companion is most likely a Class I object based on the steeply rising SED observed in the LL data. Given the orientation of the SH slit used in Flaccomio et al. (2009) 's observation of WL 5A and the fact that a nearby background observation was not taken for data reduction, it is likely that some emission from the nearby Class I object entered the slit. Therefore, the Ne fine-structure line emission from WL 5 is most likely from the nearby Class I object, especially given that Class III objects are typically not surrounded by material. Sacco et al. 2012; Lahuis et al. 2007; Najita et al. 2010; Pascucci et al. 2007; Ingleby et al. 2011; White et al. 2000; Neuhaeuser et al. 1995 line ratios (HG09). This is largely because X-ray photons penetrate deeper into the disk than EUV photons. The GNI07 and HG09 models find that the X-ray dominated layer of the disk is predominantly neutral. The abundance of H atoms leads to efficient charge exchange of Ne ++ and H, leading to Ne + . Therefore, in the X-ray layer of the disk, there will be more Ne II than Ne III, leading to larger [Ne II] line luminosities relative to those of [Ne III]. In contrast, the models find that the EUV regions are fully ionized; the abundance of H atoms is low and so here charge exchange is not that efficient. Therefore, in the EUV layer of the disk there will be more Ne III relative to the X-ray layer and hence it is possible that the (Fig 1. of HG09 ; U. Gorti, personal communication). A caveat is that it is likely X-rays are present and will contribute to the observed [Ne II] line emission, contaminating the EUV spectral slope determination.
Given that the EUV luminosity has to be two times greater than the X-ray luminosity to dominate Ne ion production (HG09), we compared the [Ne III]-to-[Ne II] line ratio to the X-ray luminosity of the object, normalized by its bolometric luminosity (L bol ; Figure 4) . We note that here we use L bol to refer to the stellar luminosity (L * ). L X and L * for SZ Cha, CS Cha, and T 54 are listed in Table 2 . TW Hya's L X and L * are from Ingleby et al. (2011) . SZ 102's L X is from Güdel et al. (2010) ; we estimated L * using 2MASS photometry and Kenyon & Hartmann (1995) colors for an M0 star (Lahuis et al. 2007 ). We note that CS Cha and T 54 are known binaries. CS Cha is a spectroscopic binary with a separation of ∼4 AU (Guenther et al. 2007 ) and both components are of equal brightness (Nguyen et al. 2012) . Neither component was resolved in the optical nor X-ray. T 54 is brighter than its secondary by a factor of at least 5 and their separation is ∼40 AU (Lafrenière et al. 2008 ). Using L bol based on the primary star should not significantly affect the correlation we find here, especially given that we assume that the error in L X /L bol is dominated by the variability in the X-ray. We adopt an error of a factor of 2 for L X based on the typical range in X-ray variability, as has been done in previous works (e.g., Güdel et al. 2010) .
In Figure 4 , [Ne III]/[Ne II] increases as L X /L bol decreases. We find a strong trend (with a Pearson correlation coefficient of -0.9) and fit the data with the following equation: observed for SZ Cha. We leave it to future work to explore any potential connection between these lines and high-energy ionizing radiation.
DISCUSSION
There has not yet been a definitive observational result discriminating between X-ray and EUV radiation as the primary source of Ne forbidden line emission. There have been over 50 objects with [Ne II] line detections to date (Pascucci et al. 2007; Espaillat et al. 2007; Lahuis et al. 2007; Flaccomio et al. 2009; Güdel et al. 2010; Baldovin-Saavedra et al. 2011; Szulagyi 2012) . There have also been many theoretical works examining the importance of the Ne line luminosities and their connection to high-energy radiation (Glassgold et al. 2007; Meijerink et al. 2008; Ercolano et al. 2008; Gorti & Hollenbach 2008; Schisano et al. 2010; HG09 have shown that this high ratio can only occur in the EUV layer of the disk. If confirmed, this result in SZ Cha would be the only clear observational result discriminating between X-ray and EUV radiation as the primary source of Ne forbidden line emission. Some caveats to bear in mind are that the charge exchange coefficients used in the theoretical models need to be updated (Butler & Dalgarno 1980; is an indication of EUVdominated production of Ne ions, the issue still remains that EUV radiation is easily absorbed in the environment of the star and may not even reach the disk. However, EUV radiation should be able to reach the disk in the case of SZ Cha given its substantial accretion rate (2.4×10 −9 M ⊙ yr −1 as measured from its U-band excess by Espaillat et al. 2011) . This is because in order for the EUV radiation to penetrate the protostellar wind, the outflow mass loss rate must be less than 10 −9 M ⊙ yr −1 (HG09). This corresponds to a mass accretion rate of 10 −8 M ⊙ yr −1 given that protostellar winds of TTS are typically ∼0.1 of the mass accretion rate (Hartigan et al. 1995; Calvet 1997) . Therefore, EUV radiation should reach the disk of SZ Cha given its accretion rate.
These Neon forbidden line observations raise the question of whether EUV photoevaporation is responsible for the gapped disk structure of SZ Cha. Based on SED modeling, SZ Cha has an inner disk separated from the outer disk by a ∼20 AU gap . EUV photoevaporation models predict that the disk wind will open a small, short-lived gap within the outer disk before clearing out an inner hole and then the rest of the outer disk (e.g., Clarke et al. 2001) . However, the gaps from photoevaporation are expected to open quickly relative to the lifetime of the disk, and so it is unlikely that we are catching the disk in this shortlived phase (Alexander et al. 2006) . Instead, we propose that the gap in SZ Cha was formed through dynamical clearing by either planetary (Zhu et al. 2011) Ingleby et al. 2011 ). L EUV is of the same order as L acc , which was determined using Uband data with an intrinsic uncertainty of a factor of 2-3 (Calvet et al. 2004) , so the EUV could in principle be powered by accretion. The expected L EUV is more than a factor of 10 higher than the observed L F UV . Using the EUV spectra of solar active regions as representative, even with a strong Lyman continuum the ratio of EUV to FUV luminosities is expected to be lower than this (Vernazza & Reeves 1978) . However, L F UV is underestimated since the value is based on ACS spectra which do not cover Lyα, which may be up to 90% of the total FUV luminosity (Herczeg et al. 2004; Schindhelm et al. 2012) .
In conclusion, these results are an important contribution to our understanding of the effect of high energy radiation from the star on the disk. Unfortunately, the [Ne III] line is not observable from the ground, but JWST will allow us to fully exploit the potential of this line.
SUMMARY
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Target ID's are taken from Flaherty & Muzerolle (2008) and Luhman et al. (2003) for targets in NGC 2068 and IC 348, respectively. Alternate names for the Chamaelon targets are T 11 (CS Cha), T 6 (SZ Cha), CHX 22 (T 54), FL Cha, SZ 27, and HM 32 (T 35).
Table 2
Source Properties Ingleby et al. (2011), and [4] this work. We assume a distance of 160 pc for Chamaeleon (Luhman et al. 2003) , 315 pc for IC 348 (Luhman et al. 2008) , and 400 pc for NGC 2068 (Flaherty & Muzerolle 2008) . Given the typical range in X-ray variability, we assume that each L X is uncertain within a factor of 2 of the measured value, and that this dominates the errors for L X /L bol , as has been assumed in previous works . The regression line for the sample is the broken gray line.
